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Abstract 
Solar DHW systems in multi-family houses is gaining more and more interest in France, where 50% of the solar collectors area 
installed in 2012 is dedicated to such applications. Among the various designs, systems with decentralized storages installed in 
each apartment offer significant advantages, such as no DHW loop requirement. Nevertheless, up to now, very few demo 
installations have been monitored so as to fully quantify the energy performance. Within SCHEFF project, one demonstration 
plant has been analyzed in such a way since 2011 in Perpignan (France). A technical presentation of the plant as well as the 
energy balance over 2 years are presented within this paper, showing the interest of this approach in comparison with a 
centralized one, especially to decrease back up energy overall consumption. 
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1. Context 
Market share of solar DHW systems in multi-family houses (SDHW-MFH) is growing in France, where more 
than 50% of the solar collector area installed in 2013 is dedicated to such applications. Among the various designs, 
systems with decentralized storages (also called CESCI in France) installed in each apartment offer significant 
advantages. As this system technology is relatively new, a research project called SCHEFF (Solaire Collectif Haute 
EFFicacité) was set-up in 2010 in order to develop, optimize and to disseminate this technology. Among the various 
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objectives, it was decided to settle and fully monitor in the beginning of the project a demo plant to quantify the 
energy performances of such a system. 
2. Solar DHW systems for multi-family houses (SDHW-MFH) with decentralized storage 
SDHW-MFH with decentralized storage called CESCI are gaining more and more interest, and represent around 
10% of SDHW-MFH market. A typical CESCI (Fig. 1) consists of a common collector field for the building, and a 
bivalent water storage for each apartment: the storage which is similar to the ones used for SDHW systems for 
single family-houses is fed by part of the flow rate coming from the collector field, and has also his own auxiliary 
which can be a gas boiler used also for the heating, or by an electrical heater which is, up to now, common in 
France.. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 1: Typical hydraulic scheme of a SDHW-MFH with decentralized storage      –      Perpignan’s demo plant collector field 
3. Pilot system presentation  
The solar system, located in South of France in Perpignan, has been working continuously from October 2011 
until 2014 without technical issues even showing very interesting performances. This solar system is installed in a 
53dwellings building on 3 levels and includes 75m² flat plate collectors on the roof. The technical solar devices 
(pump, expansion vessel, etc...) are all located on the roof, behind and above the solar field. The 53 bi-energy solar 
tanks are located each one in one flat, representing a total storage volume of 13200 liters including for each tank an 
electric heater at mid part of the tank. The planned yearly solar production out of the solar collectors was of 45 MWh 
according to the SOLO [1] calculation method. An important monitoring system has been implemented into the 
system, to measure both solar field production and inside dwellings energies. More than 400 points of measurement 
in total with a time sequence of 10 minutes have been settled : for solar loop energy and then for each  solar tank 
energy, for the energy delivered by the electric heater and for hot water energy delivered to the customer. The 
monitoring data of the system have been exploited from October 2011 until end of August 2014 [2]. The main 
analysis of the monitored data will concern Year 2014 from March to end of August because this sample represents a 
stabilized functioning period for the system. 
4. Monitoring results and lessons learnt 
4.1. Qualitative lessons learnt from the monitoring 
First of all, one of the major lessons learnt from this monitoring campaign has been that heating detailed energy 
metering in an occupied environment (53 apartments) is very difficult to handle because of the impossibility to 
correct monitoring in situ issues. Over 159 metering devices, nearly 20% presented malfunctioning after 2 years 
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without a real capacity to repair it (difficulty to enter the flats). On 53 equipped apartments, only 45 were occupied 
after one year because some of them were not yet sold and some other were left unoccupied for several reasons (lack 
of candidates, desire of the owner to leave it empty). Besides, due to the technical difficulties to operate a so 
important number of monitoring devices (thermal energy and electrical energy counters) in an occupied 
environment, the stabilized number of flats fully providing all the monitored energy data has reached the value of 19 
units. The following monitoring analysis will concentrate then on the 19 flat samples, extrapolating to the full 
number of 53 units according to the type of flat (3 or 4 rooms). Of course, the centralized energy measurement (on 
the solar production side) is covering the solar production for all the apartments. 
 
Regarding the behavior of the innovative solar system, some thermosiphonic parasitic phenomenon have been 
measured, identified and further investigated, leading to the need of non-return valves in such a system. Indeed, 
these phenomenon which have been further investigated by CEA INES in their lab, show that the architecture of this 
kind of decentralized solar system is able to create thermosiphonic parasitic flows from one solar thank to another 
one, using the solar pipe. The phenomenon is mainly driven by the temperature difference between the 2 tanks and 
can be strictly avoided by the add-in of non-return valves on the roof when the central solar loop is divided into 
single pipes going to down to each apartment. 
4.2. Solar system performances in 2014 
The energy measurements on the full building apartments have firstly shown that the decentralized tanks lead to 
important heat losses in comparison with a centralized storage strategy. Here, for 1 unit of energy used by the 
occupants, nearly 0.5 is thermally lost from the tank (Fig 2). 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.Energy balance for an average apartment per unit of DWH consumption (Data for year 2014) 
In 2014, the average solar monthly production has been measured at 5680 kWh (Fig. 3). From this value, 1940 
kWh have been lost in the primary loop until the 53 bi-energy tanks. Then, 1980 kWh in an average were lost in the 
tanks which led to 2070 kWh from solar production directly useful for DHW and for the customers. The level of 
losses is quite significant because of the architecture of the system with as many solar tanks as apartments. 
Nevertheless, this architecture permits to directly deliver the solar energy to each apartment and then to avoid any 
loop back hydraulics. It will be shown later in the present communication that this loop back losses are in general 
very important and then lead to bigger losses that cannot be compensated by solar energy.   
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Fig. 3.Distribution losses in comparison with solar useful for DHW production  (Data for year 2014) 
If this balance is seen with more details for 2014, the solar fraction for the period is of 55.6% (ratio solar 
production / (solar production + electric back up)).  
When compared with the total DHW energy demand for all the apartments of the project’s demo plant, this solar 
production from the collectors  is representing a value of 120% but the importance of all the losses (hydraulics + 
storage) reveals that they represent 106% of the total DHW energy demand for the customers.  
4.3. Virtual comparison between the monitored system and an equivalent centralized one 
A decentralized strategy however leads to less overall energy losses per unit of useful DHW energy because the 
storage losses in this case are far less than the distribution losses in a centralized strategy where it is observed that 
nearly for 1 kWh useful DWH the production needs to deliver 2 kWh to the distribution network [3], especially 
because of sanitary severe requirements against Legionella risks. To show this statement, an equivalent centralized 
solar thermal system correctly designed to deliver solar energy for the same building in Year 2014 is considered. 
With the rules not to go beyond maximum 85% of solar fraction in Summer period (according to SOLO method), the 
average balance for the performances of such a system are presented in Fig. 4. It shows that the storage losses are 
very low in comparison to the decentralized equivalent solution. The average solar fraction is of 47% on the 
available energy from the technical premise. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4.Equivalent virtual energy balance for a centralized systemin the production only side (Data for year 2014) 
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If the distribution losses are considered, the balance is fully different (Fig. 5) with a solar fraction which is 
divided by a factor 2, leading to a value of 23.5%. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5.Equivalent virtual energy balance for a centralized systemincluding distribution losses (Data for year 2014) 
This analysis shows that the decentralised system will lead to a useful solar fraction of 36% when the equivalent 
decentralised one will reach the value of 23.5%. Therefore, the innovative solar system leads to a final reduction of 
the conventional energy consumption in comparison to a similar solar centralized approach where general 
4.4. Feedback for a good design of decentralized systems 
The monitoring of the system overall several summers from 2011 has permitted to show another very interesting 
trend. Looking at the evolution of the average monthly collected solar energy (ESOLcoll_av), the ratio on average 
storage losses (Eloss_storage) per useful DHW production and the ratio between real hot water consumption and 
planned, some tips for good design of decentralized systems appear. 
From summer 2012 to Summer 2014, ESOLcoll_av is decreasing, mainly because of the quality of irradiation but 
with variation only of maximum 17%. At the same time, the domestic hot water consumption has increased from 
nearly 60% to 80% of the planned hot water consumption. This evolution is mainly corresponding to the progressive 
settlement of the majority of the apartments, year after year. From these 2 trends from 2012 to 2014, the percentage 
of storage losses per kWh DHW produced has decreased significantly (Fig 6).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6.Evolution of monthly solar energy, storage losses and DHC real/theoretical volume ratio in Summers 2012, 2013 and 2014 
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This clearly shows that the system in Perpignan needs to have a nominal hot water consumption to function 
nominally and have a reduced and acceptable storage losses value. Oversizing of the solar system in decentralised 
layout must be strictly banned to avoid a very important value for storage losses.  
5. Conclusions 
Such an innovative solar DHW systems for multi-family houses with decentralized storage is presenting several 
advantages: backup energy consumption decrease in comparison with centralized solar solutions, individualization 
of conventional energy consumption which is now a must in the new generation of low energy buildings in France. 
This solar approach is very promising for the new building sector in France and could be a very accurate one in all 
the country willing to develop reliable and performing multifamily decentralized solar thermal systems. 
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